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Introduction
Exchange rate modelling has received a new lease of life as a result of simple monetary models having well-defined long-run properties (see, for example, Mac-Donald and Taylor, 1993) . Knowing that fundamentals matter in the long-run (see also Mark, 1995 , MacDonald, 1999 , attention has shifted to shorter-term horizons.
Although the verdict on the importance of fundamentals is still ambivalent (see, for example, Frankel and Rose, 1995) new approaches, many of them building on nonlinear relationships between fundamentals and exchange rates, seem to offer more hope at this horizon. In this paper we contribute to these efforts by re-examining the monetary model in a time-varying coefficients context using a Markov switching approach. Amongst other things, we show that for a relevant sample of exchange rates regime switching properties provide substantial explanatory power beyond a constant coefficients approach.
The poor explanatory power of structural exchange rate models (see, for example, Frankel and Rose, 1995) provides a natural motivation to search for a more sophisticated modelling of the fundamental determinants of exchange rates. Many of these approaches incorporate non-linearities, which have been indicated for exchange rates for some time now (see, for example, Hsieh, 1989) . There are at least four strands in the literature, each postulating a characteristic link: first, linear models can be modified by allowing for the non-linear formulation of coefficients (see, for ex-ample, Meese and Rose, 1991) . Second, the relation between fundamentals and exchange rates can be expressed in an error correction framework, based on statistically derived cointegration vectors (MacDonald and Taylor, 1994; MacDonald and Marsh, 1997 ; for a more recent analysis of Euro exchange rates see van Aarle et al., 2000) . Third, a similar idea of the long-term stable influences and short-term dynamics is captured in threshold approaches which assume mean-reverting properties of exchange rates (e.g. Taylor and Peel, 2000; Kilian and Taylor, 2001) . Fourth, there has been a presumption in the literature that coefficients may be time-varying.
Whereas earlier studies assume these coefficients evolve smoothly (Wolff, 1987, Schinasi and Swamy, 1989) , we draw on the idea of changing regimes. This approach seems to be more appealing for two reasons. First, it fits in with the observation that exchange rate models perform well for some subperiods, whereas they do not for other periods (Meese, 1986 (Meese, , 1990 , and, second, there is recent empirical support for the view that fairly sudden regime changes occur (Frydman and Goldberg, 2001 ).
The power of the Markov switching approach for exchange rate modelling was first demonstrated by Engel and Hamilton (1990) and Engel (1994) . These studies used an time series approach, with two regimes, and applied their models to three currencies. Despite the success of these studies in capturing the dynamic evolution of exchange rates there are very few studies which have applied the Markovswitching approach to a fundamental exchange rate model. The exceptions are Marsh (2000) , who uses a Markov switching model for daily exchange rate data with interest rate differentials as the only fundamental. He concludes that this approach does not provide superior forecasts for exchange rates in comparison with a pure time series Markov Switching Model. Clarida et al. (2001) apply a Markov switching -3 -multivariate model to weekly spot and forward rates of four major exchange rates.
They come to the conclusion that allowing for regime switches in an error correction framework provides forecasts which significantly outperform linear models. De Grauwe and Vansteenkiste (2001) use monthly data for high and low inflation countries' exchange rates for the period 1973 to 1998. Regressing the exchange rate on a set of fundamentals, they show that the coefficients switch significantly between the two states examined for high inflation countries but not for industrialised countries.
In this paper we demonstrate significant regime changes in a monetary exchange rate model for the three most important markets, i.e. the US-Dollar versus D-Mark, Yen and Pound (see Bank for international Settlements, 2002) . Our paper differs from the study of De Grauwe and Vansteenkiste (2001) -which is similar in considering several fundamentals -in several respects: first, the use of a regime switching approach in modelling exchange rate fundamentals is explicitly based on a market microstructure approach. This provides a substantial motivation for applying regime changes to the major markets. Second, the modelling follows Frankel's (1979) real interest rate differential exchange rate approach, which has been a widely used variant of the monetary approach. Third, our findings are seen to be robust to several modifications. Fourth, the Markov switching monetary exchange rate model does not systematically provide forecasting power. In summary, our results can be seen as further evidence in favour of non-linear modelling of fundamentals.
The paper is structured as follows: Section 1 motivates the approach of timevarying fundamentals and in particular regime switching fundamentals by referring to the market microstructure literature. In Section 2 the Markov switching methodology is described. Section 3 presents the estimation results for three major exchange rates, which are further discussed in Section 4. Robustness checks are performed in Section 5 and Section 6 summarizes our main findings.
On the regime switching character of fundamentals
Traditional applications of the monetary exchange rate model rely on a single state relationship between fundamentals and exchange rates. As we have noted, our application of the monetary model relaxes the assumption of a single state. The monetary models can be derived on an ad hoc basis, using Cagan style money demand functions or from an optimising model. In this paper we use the extended monetary model, first established by Frankel (1979) , and referred to as the "real interest rate difference model (RID)". This model nests both the flexible price and the sticky price monetary model, within it, and may be represented by the following equation:
where e t denotes the log of the spot rate at time t, defined as the home currency price of a unit of foreign currency (in our study the US-Dollar is the foreign currency), m t the log of the money supply, y t is the log of output, i t s is the short-term interest rate, which captures liquidity effects in this model, and i t l is the long-term interest rate which captures expected inflation. The asterisk represents the foreign country which is the United States in our study. From a monetary perspective one would expect the estimated coefficient on the relative money supply term to be close to one and the income elasticity, β, should be estimated negative. The coefficient on the short-term interest rate is also expected to be negative, while the expected inflation term should exhibit a positive influence on the exchange rate.
-5 -An abstract relation as simple as the monetary model is perhaps most useful as a long run relationship but is unlikely to capture the full dynamic interrelationships between fundamentals and exchange rates. One major criticism in this respect is the observation of foreign exchange market professionals that the importance of fundamental factors appears to change over time. What has been anecdotal evidence of the market in the past has recently become the subject of systematic market microstructure research (see, for example, Lyons, 2001) . Three studies can be used to substantiate the claim of an unstable relationship between fundamentals and exchange rates. In similarly designed questionnaire surveys in the US (Cheung and Chinn, 2001) and in the UK (Cheung et al., 1999) , foreign exchange dealers were asked which announcement of fundamentals they regarded as most important for their market. The fundamentals referred to were, unemployment, an interest rate, the inflation rate, the trade deficit, GDP, and a category "other". The response from these surveys is summarised in Table 1 and it reveals some interesting insights. First, fundamentals are of different importance to professionals, second, the relative importance of fundamentals between the two countries is very similar, but the difference over time is enormous. Indeed -as the lower part of Table 1 indicates -the difference over time is clearly larger than the difference between the two countries. To put this last finding into numbers, the average absolute difference between countries for the ten cases (five fundamentals times two points in time) is 5.7 percentage points, but the average absolute difference over time for ten cases (five fundamentals times two countries) is 15.4 percentage points and thus three times larger.
INSERT TABLE 1 ABOUT HERE.
These findings substantiate convincingly that market participants regard the importance of fundamentals as time-varying. What is not clear, however, are possible reasons for this instability. In this respect another questionnaire survey conducted in 1992, and analysed by Menkhoff (1998) , provides further illumination. In this survey FX dealers and international fund managers in Germany were explicitly asked why fundamentals might attract different attention over time. Table 2 presents the exact question and response statements which the professionals were asked to evaluate with different degrees of (dis)agreement. Consistent with the evidence given above is the fact that the "no change over time" statement is denied by almost 85% of respondents.
INSERT TABLE 2 ABOUT HERE.
Interestingly, moreover, is the evaluation of the other two statements which formulate alternative sources of instability. The first alternative stresses that changing attention reflects the "most urgent problem", whereas the second alternative regards changing attention as a sign of "fashions", that is of non-fundamental influences. Although both answers attract clear agreement, the "most urgent problem" alternative receives even more than 85% agreement, and the "fashions" alternative more than 75%. In addition, the latter responses show more extreme responses at both ends of the possible spectrum, thereby indicating less consensus. We interpret these additional findings as not only supporting time-varying importance of fundamentals, but also as linking changing importance to fundamental real world problems. Changing fundamental scenarios can in principle be detected by a regime switching approach.
-7 -
The identification of regimes is simplified by the limited number of relevant fundamentals that is quite stable over time and that can be related to the monetary model. Regarding the number of fundamentals, the list in Table 1 includes a category "other" which would capture further factors but which hardly received any attention by respondents. As additional information, the German survey study also includes a list of ten fundamentals, where (for the year 1992) interest rates rank first, closely followed by growth and unemployment. The money supply and inflation rate are ranked jointly in third place and a fourth factor attracting wide agreement is the trade balance. This short list of fundamentals is clearly reflected in the variant of the monetary model chosen here: the survey items "unemployment" and "growth" address the state of the real economy and are thus captured by the model's "income" term. "Inflation"
and "money" are fundamentals addressing the longer-term inflation prospects of the economy. This aspect is covered in the RID-model by the money supply term and the long-term interest rate. The interest rate is identical in the surveys as well as in the model. The only fundamental from the surveys which is not captured in our variant of the monetary model is the "trade balance" or "trade deficit". We believe that this variable is better suited to model the real exchange rate and leave this on the agenda for future research. In summary, survey evidence on the behaviour of foreign exchange participants strongly suggests that instability over time in the relationship between fundamentals and exchange rates matters. In summary, the modelling of timevarying fundamentals is more than justified from this literature and the particular regime-switching approach seems to be reasonable.
-8 -
The Markov switching methodology
The Markov Switching Model (MSM) has been popularised by Hamilton (1989) , although it was originally motivated by Goldfeld and Quandt (1973) . For our aim it is convenient to consider it as a switching regression (for this particular form of the MSM see Hamilton, 1994, chapter 19) :
where r t is the time series to be explained, in our case the 12-months percentage change of an exchange rate, z t is a vector of exogenous regressors, β i is a vector of real numbers, whose values depend on the non-observable state variable s t , and ε t is Gaussian white noise. The state variable s t is assumed to follow an ergodic first-order Markov process and is characterised by the matrix Π consisting of the transition probabilities p ij from state i to state j:
Once the coefficients of the model and the transition matrix have been estimated, the probability Pr(s t =j | r 1 ,..., r T ) of being in state j, based on the knowledge of the complete series, can be calculated for each date (for details of the algorithm see Kim and Nelson, 1999) . This series of probabilities will be referred to as the smoothed probabilities, in contrast to the series of probabilities Pr(s t =j | r 1 ,..., r t ) of being in state j based on the information up to date t -the filter probabilities -which is also calculated. It is straightforward to show that for the last date, that is t=T, the smoothed probability equals the filter probability.
In our investigation the vector z t of fundamentals in equation (2) is chosen according to the real interest differential monetary model (RID), as presented in the previous section. In this context the set of fundamentals covers relative changes in money supply (∆m t ), industrial production (∆y t ), the money market rate (∆i t s ) as the short term interest rate and the government bond yield (∆i t l ) as the long term interest rate. Equation (1) can therefore be rewritten as:
with state-depending coefficients. For comparative purposes the RID variant of the monetary model is also estimated with constant coefficients, which serves as a benchmark model and the null hypothesis for the tests.
Testing a MSM against a linear alternative is not straightforward because under the null hypothesis of a constant coefficient model without regime switches, only one regime governs the exchange rate and the transition probabilities are not identified. Garcia (1998) gives asymptotic critical values for Hansen's (1992 Hansen's ( , 1996 test for a couple of simple MSMs with two regimes. The set of models discussed by Garcia, however, does not include a model with exogenous regressors and a constant variance over the two regimes as used in our investigation. So his critical values are not valid for our model.
We therefore rely on Wald tests as used by, for instance, Engel and Hamilton (1990), Engel (1994) and Dewachter (1997) . The Wald tests allow for testing two hypotheses. The first one tests against the null of p 11 +p 22 = 1; that is, it tests for systematically alternating regimes (as opposed to arbitrarily switching between regimes).
The second one tests against the null of identical parameters in the different states.
-10 -The latter test also facilitates testing which coefficients differ for the regimes. Both tests in combination test for Markov switching against the null hypothesis of a linear model. However, due to the problems mentioned above, the results have to be interpreted cautiously.
Data and estimation results
For the estimation we use monthly data from January 1974 to October 2000 1 for four industrialised countries (the United States, Germany, United Kingdom, Japan) from the IFS database by the International Monetary Fund 2 . The estimation was performed in GAUSS.
Each fundamental is calculated as the difference of the percentage change during the last twelve months in the home country versus the percentage change for the same horizon in the United States. This approach is applied for two reasons: first, it avoids seasonal effects in the data and reduces the noise from short-term movements in the exchange rates and the fundamentals and therefore promises more stable results. Second, Frankel's model is based on a version of purchasing power parity PPP (Frankel, 1979, p. 612) . Absolute PPP, however, is not a particularly useful construct, due to well-known market imperfections. Therefore, it is straightforward to work with changes in exchange rates and fundamentals, as is done in empirical work on PPP. 
INSERT TABLE 3 ABOUT HERE.
The results are heterogeneous and hardly consistent with theory. The expected signs from the theoretical model are given in the last column for comparison.
First, we note that the coefficient on the money supply term is significant, but wrongly signed, relative to the theoretically derived expectation, for the Deutsche Mark and the Pound Sterling, whereas it is correctly signed but not significant for the Yen. Second, the sign of the coefficient on the short-term interest rate differential is significantly positive for the Deutsche Mark, significantly negative for the Yen and insignificant for the Pound. The long-term interest rate differential has the correct sign and is significant only for the Pound, but not for the other exchange rates. Only for the coefficient on industrial production do we find the correct sign and significance in accordance with theory. These results are in line with early empirical findings. For example, Dornbusch (1980), Boothe and Glassmann (1987) find that the initial relationship reported by Frankel breaks down as soon as the sample is extended beyond
1978.
-12 -
The results are substantially better when the restriction of constant coefficients is abandoned. Table 4 provides estimation results for the real interest differential model with Markov switching coefficients.
INSERT TABLE 4 ABOUT HERE.
It seems worth mentioning that the MSM distinguishes regimes which are highly persistent. The probability of remaining in the present state is always between 91 and 97 per cent, most probabilities being close to 95 per cent. The smoothed probabilities are given in Figure 1 in graphical form and show the low number of regime switches due to the high persistence: 7 for the DEM/USD, 11 for the JPY/USD and 10 for the GBP/USD. This result is in line with the findings of Frydman and Goldberg (2001), who also find 7 switches for the DEM/USD between 1973 and 1998, using a different methodology.
INSERT FIGURE 1 ABOUT HERE.
For all exchange rates one regime is identified within which the estimations are fully consistent with Frankel's model: all coefficients are correctly signed and, except for the short-term interest rate for the Pound Sterling, significant at least at the 10 per cent level. The RID regime is given in Table 4 as 'State 1' and covers, respectively, 47 and 57 per cent of the whole sample for the DEM/USD and the GBP/USD, but only 24 per cent for the JPY/USD. This finding is consistent with the notion that the RID model is a useful explanation of exchange rates in certain periods. There are other periods, however, where exchange rate determinants either have a clearly different degree of influence -leading to different coefficients -or have a different sign.
According to the approach chosen there is always a second regime, that is 'State 2'
which we now discuss.
A first insight in this respect is that the signs in state 2 are different from state 1 and are heterogeneous for the three exchange rates. Turning to each exchange rate, the JPY/USD is different concerning the significance of the parameters in state 2. Except for the constant, which is significant at the 1 per cent level for each single estimation, only the changes in output are significant at the 10 per cent level. This means that the JPY/USD rate is characterised by regime 1 which is consistent with theory but occurs less frequently, and a more dominating one which is hardly connected to any changes in the fundamentals considered here.
The picture is different for the DEM/USD and GBP/USD rates, which also show highly significant estimations in the second regime. But whilst the signs for changes in output are in accordance with the RID model for both rates, the GBP/USD shows a negative coefficient on the changes in the money supply. This particular result is contrary to what was to be expected. Another interesting result is that for the DEM/USD the signs of the coefficients for the short-and long-term interest rates are reversed in comparison with regime 1, that is the coefficient for the long-term interest rate is negative in regime 2, whereas the short-term interest rate's coefficient is positive.
In summary, the MSM has proved to be useful in several respects. First, there are two significant regimes which can be identified and this indicates the usefulness of a regime switching approach. Second, regimes have a length of roughly two years, which leaves open the possibility that they are caused by major real world economic issues whose impact is lasting for some time. Third, one of these regimes has coefficients which conform to the RID model, confirming earlier findings of appropriate monetary exchange rate modelling in certain periods only. Fourth, the second regimes reveal some complexity as coefficients have different signs from regime 1 and are heterogeneous for the three exchange rates. This complexity fits in with the failure of simple models to explain exchange rates. Despite these results, two more challenges have to be overcome: from a statistical viewpoint, does the MSM provide a superior modelling to alternatives, and from an economic viewpoint, can the regimes identified be linked to economic characteristics?
Discussion of results
Using a univariate exchange rate specification, Engel and Hamilton (1990) were the first to demonstrate the power of MSM in explaining exchange rate behaviour. One may thus expect that our fundamental-based version of the MSM provides a better fit to the data than competing models do. Calculating the expected returns for the linear model and the random walk with drift is straightforward.
INSERT TABLE 5 ABOUT HERE.
Both, MSM models, with and without fundamentals, generate lower errors than the classical models and the MSM with fundamentals performs best. Figure 2 shows plots of the estimated exchange rate changes from the constant coefficient model and the MSM with fundamentals in comparison with the actual exchange rate changes. The MSM tracks the data much better than the constant coefficient model.
INSERT FIGURE 2 ABOUT HERE.
Statistical superiority is, however, a necessary but not a sufficient condition for satisfying model adequacy. It is therefore of interest to determine if the regimes can be linked to some characteristics of the economic environments. As a first step in examining this issue we refer to the Wald tests, reported in Table 6 , which allow us to better assess the significance of differences in the coefficients. It can be seen that the intercepts differ significantly between the states for all of the exchange rates. The many significant results for the slope coefficients show that the regime changes are in fact caused by different fundamentals for the exchange rates. In addition to the insights from Table 4 , we are now in a position to say something about characteristic differences between regimes, indicating which differences in fundamentals are decisive.
INSERT TABLE 6 ABOUT HERE.
The DEM/USD and the JPY/USD differ in the coefficients for the short-and the long-term interest rates, whereas there is no significant difference in the coefficients for changes in money supply and production between the regimes. This means that the regime dependence is mainly driven by the assessment of interest rates, whereas the influence of money and output does not differ substantially. The case of the GBP/USD is somewhat different, as only long-term interest rates are also significantly different between regimes but not short-term rates. Some of the dynamics for this currency are instead captured by money supply and output. As an interim summary, the most important although not all relevant differences between regimes appear to be linked to differences in interest rate changes.
Robustness checks
To ensure our results are stable, and in particular to confirm the existence of two significantly different regimes, we check the robustness of our results. In particular, we vary four elements of our baseline model: the exact definition of variables, the differencing frequency (originally 12-month changes), the fundamental variables set and the sample period. Finally, we test for out-of-sample forecasting power.
First, we check, whether the results are related to the exact definition of fundamentals. For this reason several fundamentals are substituted for similarly defined ones. There are no major differences in the results, when M2 is substituted by M3 for the money supply. This also applies when other proxies for inflation expectations are used, such as realised inflation data. For both indices of producer and consumer prices, the results do not differ.
Second, using 6-months or 3-months changes, instead of 12-month changes, does not affect most of the signs of the estimated coefficients, but the coefficients mostly become insignificant. This may indicate that exchange rates fluctuate around the model-based estimations in the short run or that there are time lags of several months between changes in the fundamentals and those in the exchange rate.
Third, the set of fundamental variables is changed by omitting the second interest rate, thus converting the RID approach to the standard monetary model, and by adding a proxy for trade volume. Adding the relative percentage changes of imports and exports as a proxy for trade volume only slightly affects the values of the existing variables. However, imports as well as exports are significantly related to changes in the exchange rate for all rates and regimes other than regime 2 for the JPY/USD rate. Omitting the long-term interest rate does not substantially influence the coefficients of the remaining variables, but the fit of the model gets slightly worse.
Fourth, we re-estimate the results shortening the sample period successively for two years each 1 . For regime 1 this does not affect the signs of the estimated coefficients, but their size differs over time. While the influence of the money supply and the output variable becomes larger when the sample is shortened, there are only minor changes for the short-term interest rate. The long-term interest rate, which serves as our proxy for inflation expectations, finally becomes insignificant when the sample ends before 1990. For regime 2 the results are different: the coefficients for relative changes in the money supply and output become insignificant, whereas the interest rates do not change their sign, being highly significant. This behaviour suggests that the structure of our findings is somewhat sensitive with respect to the exact sample period. In particular, when sample periods differ markedly, some characteristics of the regimes may change and this is perhaps to be expected in light of the earlier literature claiming high instability in the exchange rate fundamentals relationship.
This finding raises doubts about the ability of the RID model with Markov switching coefficients to provide out-of-sample forecasts which significantly outperform those of a random walk. To explicitly assess the models forecastability, we estimate the model over a rolling sample of ten years and calculate the conditional expectations of the returns for the next one to 12 months. The monetary model with time-varying coefficients is slightly outperformed by random walk forecasts in the short-run (see the results in Table 7 ). This leads to the conclusion that, although the MSM captures most of the structural instability in the coefficients, there is still some additional source of time-variation left. It has, however, to be stated, that our results are strongly in favour of a non-linear relationship between exchange rates and macroeconomic fundamentals. These findings are in line with other recent studies as surveyed by Neely and Sarno (2002) . 
INSERT

Conclusions
In this paper we have re-examined the RID variant of the monetary model using a Markov-switching framework. The motivation for our work is based on three strands in the exchange rate literature: a number of studies indicate some influence of the monetary model's fundamentals on exchange rates, results from the market microstructure literature suggest a time-varying influence of a limited set of fundamentals on the exchange rate, and, finally, an MSM approach has proved much better at describing exchange rates than linear approaches. The overall results are highly supportive of our chosen approach.
First, there appear to be two highly persistent regimes that can be identified for the three exchange rates under investigation. Second, one of the regimes shows exactly the coefficients as forecast by the RID model. Third, the MSM model significantly improves the quality of the estimation over some alternatives and the best model is the model combination of a RID approach with Markov switching regimes.
The fundamentals that differentiate the two regimes are in large part but not only interest rates. Finally, we demonstrate that this outcome is quite robust against several modifications to sample periods, definitions, measurement and even the exact set of variables.
However, our results also show that there is always a second regime that is difficult to explain theoretically. Moreover, the other regimes are heterogeneous which is consistent with earlier literature indicating that there are complex influences in exchange rate determination. Finally, structural stability is not good enough to systematically produce out-of-sample forecasting ability.
Taking Rogoff's (2001) verdict as a benchmark that "explaining the yen, dollar and euro exchange rates is still a very difficult task, even ex post", we claim some progress. Fundamentals matter and despite limitations mentioned, our contribution is in line with high frequency studies which indicate some non-linear fundamental influ-ences on exchange rates. It is up to further research in improving exchange rate explanation beyond the present promising indications. 
